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ABSTRACT
Bleiwas, Donald I . ,  May, 1977 Geology
The McNamara-Garnet Range T rans i t ion  (Precambrian Missoula Group)
(91 p . )
D irec to r :  Donald Winston
The t r a n s i t i o n  o f  the  McNamara Formation to the over ly ing  Gar­
n e t  Range Formation in  f iv e  measured and descr ibed  se c t io n s  r e ­
vea ls  a change in depos i t iona l  environment from th e  a r id  to  sub- 
humid ox id iz ing  braided fan d e l t a  environment o f  th e  McNamara, to  
a h igher  energy braided fan d e l t a  with d ia g e n e t ic  reducing condi­
t io n s  in  the over ly ing  Garnet Range Formation. The success ion  o f  
environments may be a r e s u l t  o f  t e c to n ic  o r  c l im a t i c  change.
The uppermost McNamara i s  dominantly a h e m a t i t i c ,  r ed ,  h ighly  
f e l d s p a th i c ,  subrounded q u a r t z i t e  th a t  f ines  northward. The 
southernmost sec t ion  d isp lays  abundant northward dipping pink 
crossbeds approximately 20 centim eters  high t h a t  grade upward in to  
red s i l t i t e s  which are f requen t ly  scoured. Toward the n o r th ,  a 
lower stream g rad ien t  r e s u l t e d  in  sh e e t  flow and very shallow 
braided streams. Sediments are  commonly mudcracked. The n o r th ­
ernmost s ec t io n  i s  very th in ly  bedded mudcracked red s i l t i t e  and 
in te rbedded green s i l t i t e .  These sediments l o c a l l y  contain  
o o l i t e s ,  gypsum c a s t s ,  and c a l c i t e  probably depos i ted  along the 
margins o f  an a lk a l in e  body o f  water.
The lowermost Garnet Range Formation i s  c h a r a c t e r i s t i c a l l y  an­
g u la r  to  subangular  gray to  gray-green highly  micaceous f e ld s p a ­
th i c  q u a r t z i t e  which weathers with a l im o n i t ic  s t a i n .  A m atr ix  
o f  i l l i t e  probably r e s u l t s  from d iag en e t ic  a l t e r a t i o n  o f  f e ld s p a r .  
The southernmost se c t io n  con ta ins  u n id i re c t io n a l  northward d ip ­
ping one meter high crossbeds ,  rep re se n t in g  s t r a i g h t  b ra ided 
stream channels .  As sediments f in e  f a i r l y  northward,  sedimentary 
s t r u c t u r e s  decrease in  s c a le  r e f l e c t i n g  shallow bra ided  stream 
channels .  These pass l a t e r a l l y  in to  f in e  gra ined  s i l t i t e s  depo­
s i t e d  in shallow w ate r ,  poss ib ly  an embayment.
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CHAPTER I 
INTRODUCTION
S t ra t ig r a p h ie  S e t t ing  
The Missoula Group of  Clapp and Deiss (1931) i s  the  uppermost 
group w ith in  the  Precambrian B e l t  Supergroup. I t  has been descr ibed  
in  e a s te rn  Washington, northern Idaho, and western Montana, and con­
s i s t s  o f  a th ic k  sequence o f  c l a s t i c  rocks.  The Missoula Group has 
been divided in to  seven formations (Fig. 1): the  Snowslip; the  She­
pard ;  the  Mount Sh ie ld s ;  the  Bonner; the McNamara; the  Garnet Range; 
and the  P i lc h e r .  The con tac t  between the  McNamara and over ly ing  
Garnet Range, one o f  the  sh a rp e s t  in  the  B e l t ,  takes p lace  In a 
maximum o f  a few tens o f  meters. I t  i s  marked by an in c re a s e  in de- 
t r i t a l  mica and a change from th e  dominant red beds of  th e  upper 
McNamara to  the  gray to  gray-green sediments o f  the  Garnet Range.
The l i t h i c  d i f fe re n ce s  between the Garnet Range and the  underlying 
formations of  th e  Missoula Group denote a prominent change in  depo­
s i t i o n a l  environment o f  the  Bel t .
Purpose of Study
This t h e s i s  repo r ts  on a study of  the  t r a n s i t i o n  o f  the  McNamara 
in to  the  over ly ing  Garnet Range Formation. The p r in c ip a l  goals were 
as fo l low s:  1) to record v e r t i c a l  and ho r izon ta l  v a r i a t i o n s  o f  min­
e ra lo g y ,  sedimentary s t r u c t u r e s ,  c o lo r ,  grain  shape and g ra in  s i z e ;
2) to  c o r r e l a t e  the McNamara-Garnet Range t r a n s i t i o n  over  a wide geo-
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Figure 1. S t r a t i g r a p h i e  s ec t io n  of  Missoula Group near  A lber ton ,  
Montana. (Adapted from Wells '74 & Winston '77)
graphie a rea ;  3) to  i n t e r p r e t  the  change in environments t h a t  caused 
the l i t h i c  changes; 4) to  determine,  using s t r a t i g r a p h i e  r e l a t i o n s h i p s ,  
any g rea t  t e c to n ic  displacements th a t  may have taken p lace .
Methods o f  Study
Reconnaissance and c o l l e c t io n  o f  f i e l d  data  was completed during 
the summer o f  1975 and f a l l  o f  1976 over mountainous t e r r a i n  in n o r th ­
western Montana and no r theas te rn  Idaho (Fig. 2) .  The t r a n s i t i o n  o f  
the  McNamara-Garnet Range was measured and desc r ibed  in f iv e  s t r a t i ­
graphie  s e c t io n s  (Appendix I ) .  Sedimentary s t r u c t u r e s ,  g ra in  s i z e  and 
co lo r  were noted in d e t a i l .  Samples c o l l e c te d  from the t r a n s i t i o n  
were s tud ied  in th in  sec t ion  fo r  mineralogy and m ic ro s t ru c tu r e s .
Where mineralogy was in doubt,  x-ray  d i f f r a c t i o n  was u t i l i z e d .  Some 
ch e r t s  were s tud ied  by use o f  a scanning e l e c t ro n  microscope.
Previous Work
Generalized d e s c r ip t io n s  and es t im ated  th ic k n ess e s  o f  the  McNamara 
and Garnet Range formations have been descr ibed  by Nelson and Dobell 
(1961), Harrison and Jobin (1963),  Harrison and Campbell (1963),  Har­
r i so n  (1972),  Campbell (1960),  and Wells (1974). Unpublished work has 
a lso  been completed by Winston (personal communication),  Desormier 
(1973),  and Hall (1968). No s p e c i f i c  reg ional  c o r r e l a t i o n s ,  d e t a i l e d  
s t r a t i g r a p h i e  se c t io n s  o r  models o f  d ep o s i t io n a l  environment o f  t h i s  
s p e c i f i c  in t e rv a l  have p rev ious ly  been at tempted.
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Figure 2 . Index map to study areas
CHAPTER II  
DEPOSITIONAL SETTING
Sand Transport  D irect ion
D irec t iona l  o r i e n t a t i o n s  o f  sedimentary s t r u c t u r e s  were recorded 
throughout the  s t r a t i g r a p h i e  se c t io n s  where p o s s ib le .  Measurements 
were taken on c ross -beds ,  assym etr ica l  cl imbing r ip p le s  and im brica ted  
mudcl a s t s .
Data from the  broad study area  in d ic a te s  t h a t  from the  upper 
McNamara to  the  lower Garnet Range formations ,  dominant t r a n s p o r t  
d i r e c t io n  was northward with an obvious northward decrease  in  grain  
s i z e .  This agrees with data  p resen ted  by Winston (1973) f o r  the Bonner 
Formation.
Source Area
Sedimentary s t r u c t u r e s  in d ic a t e  a northward d i r e c t i o n  o f  t r a n s p o r t  
f o r  the uppermost McNamara and the lowermost Garnet Range form ations .  
The highly f e ld s p a th ic  sediments o f  the  upper McNamara and the  mica­
ceous f e ld s p a th ic  na tu re  o f  the  Garnet Range sugges t  a c r y s t a l l i n e  and 
metamorphic source t e r r a i n .  The co n t r ib u t io n  o f  sediment from a meta- 
morphic source becomes in c re a s in g ly  apparent  in  the  Garnet Range.
I t  has been p rev ious ly  suggested (Winston, 1973; Calbeck, 1975; 
McMannis, 1963) t h a t  sediments der ived from p re -B e l t ia n  c r y s t a l l i n e -  
metamorphic t e r r a i n  o f  the  Dillon block were shed on the  north  down- 
thrown s id e  o f  the  Willow Creek f a u l t  which was i n t e r m i t t e n t l y  a c t iv e
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throughout the Precambrian. The high o r th o c la s e  con ten t  (up to  30%) 
o f  the  McNamara and Garnet Range may have been der ived  from a p l i t i c  
gneisses  o f  the  pre-Cherry Creek Group ( p r e -B e l t i a n )  or  a p l i t e s  o f  
the  Dillon g r a n i t e  gneiss  some o f  which c o n s i s t s  almost wholly o f  
qua r tz  and o r th o c la se  (Heinr ich ,  1960).
Age o f  Sedimentation 
Very l i t t l e  age da t ing  has been done on th e  Missoula Group.
There a r e ,  however, two dates  determined by Obradovich and Peterman 
(1968) on the Garnet Range Formation in  the Alberton a rea .  Bio t i t e  
in a mafic s i l l  in t ru d in g  the Garnet Range rev ea led  a d a te  o f  760 
m il l ion  y ea rs .  This date  rep resen ts  only a minimum age. Another 
date  o f  930 m i l l ion  y e a r s ,  on d e t r i t a l  mica, i s  suggested to  r e p re ­
se n t  a maximum age of  sedimentation fo r  the  Garnet Range. These da tes  
should be app l ied  ca u t io u s ly  due to  d ia g en e t ic  a l t e r a t i o n  o f  d e t r i t a l  
micas and subsequent metamorphic events .
CHAPTER I I I  
TEXTURE AND MINERALOGY 
Mi neralogy
The upper McNamara i s  gen e ra l ly  a h ighly  f e ld s p a th i c  subrounded 
to rounded q u a r t z i t e ,  s i l t i t e  or  a r g i l l i t e .  Q uar tz ,  r a r e l y  r u t i l a t e d ,  
comprises up to  80% o f  the  sediment and f e ld s p a r ,  and i s  as high as 
40% a t  P o r te rs  Corners. Orthoclase makes up to  30% and i s  s l i g h t l y  
to  moderately a l t e r e d .  P lag ioc la se  and m ic roc l ine  reach 5% r e s p e c t ­
iv e ly  and a re  a lso  s l i g h t l y  to  moderately a l t e r e d .  Some f e ld s p a r  
g r a in s ,  e s p e c i a l ly  o r th o c la s e ,  a re  l a rg e r  than q u a r tz  g ra in s  and rep ­
r e s e n t  a t e x tu ra l  invers ion  (Folk ,  1968), sugges t ing  a f e ld s p a r  source 
t h a t  was very c lose  by o r  c lo s e r  than t h a t  o f  much o f  the  quar tz .
Rare d e t r i t a l  tourmaline,  z i r c o n ,  m etacher t ,  mica, leucoxene, and 
c h l o r i t e  are  a l so  p re se n t .  The uppermost McNamara conta ins  up to  2% 
mica, c o n s i s t in g  o f  muscovite and probably leached b io t i t e .  Leached 
b i o t i t e  i s  golden brown and commonly has a h em a t i t i c  weathering r ind .  
The red and maroon co lo rs  which a re  c h a r a c t e r i s t i c  o f  much o f  the  
upper McNamara are  produced by disseminated hem ati te  " d u s t " ,  hem at i t ic  
g ra in  c o a t in g s ,  and h em a t i t ic  mud c l a s t s .  The f i n e  gra ined  green 
sediments o f  the  McNamara c o n s i s t  o f  q u a r t z ,  f e ld s p a r ,  and ra re  d e t r i ­
t a l  micas ,  sometimes " f lo a t in g "  in  a very f in e  gra ined  m a tr ix  o f  c h lo r ­
i t e  and i l l i t e .
The t r a n s i t i o n  in to  the  Garnet Range Formation i s  marked by a
conspicuous in c re ase  in d e t r i t a l  mica, decrease  i n  h em a t i t ic  pigmen-
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.5 mm.
F ig u re  3. D iag e n e t ica l ly  a l t e r e d  f e ld sp a r  squeezed between q u a r tz  g ra in s  
in Garnet Range.
t a t i o n ,  inc reased  a l t e r a t i o n  of  d e t r i t a l  f e ld s p a r  and development o f  
a c h l o r i t e - i l l i t e  matrix  as determined by x-ray d i f f r a c t i o n  and le s s  
mature sediments.  The Garnet Range i s  comprised o f  subangular  to  sub­
rounded quar tz  g ra ins  which make up to  80% o f  th e  sediment and f e l d ­
spars  which make up to  25%. Orthoclase conten t  i s  as high as 15%, 
and p la g io c la se  and m icroc l ine  make up to 5% re s p e c t iv e ly .  M icrocline 
i s  gen e ra l ly  more abundant than p la g io c la se .  The i l l i t e - r i c h  matrix  
o f  the Garnet Range c o n s i s t s  o f  up to  10% of  the  t o t a l  rock and most i s  
der ived  from the  d iag en e t ic  a l t e r a t i o n  o f  f e ld s p a r  (Fig.  3 ) ,  p r im ar i ly  
o r th o c la s e .  Minor amounts o f  m atr ix  m ater ia l  may r e s u l t  from a l t e r a ­
t io n  o f  o th e r  uns tab le  minera ls .  The c h l o r i t e  and i l l i t e  o f  the  Gar­
n e t  Range i s  re spons ib le  f o r  the green t i n t s  which ty p i f y  i t .  D e t r i ­
t a l  mica, muscovite,  and leached b i o t i t e ,  up to  1.5 mm. long ,  make up 
to  5% o f  the  sediment and are  c h a r a c t e r i s t i c a l l y  concen tra ted  along 
bedding.p lanes .  Trace amounts o f  r u t i l a t e d  q u a r t z ,  m e tach e r t ,  tourma­
l i n e ,  leucoxene (poss ib ly  an a l t e r a t i o n  product o f  sphene, r u t i l e ,  o r  
i lm e n i t e ) ,  sphene and zircon are a lso  p re se n t .  Disseminated p y r i t e  
cubes up to  1 mm. and very f in e  grained cubes o f  m agneti te  a re  r a r e .
Coloration o f  Sediment 
The red and green colored sediment o f  th e  McNamara and Garnet 
Range o f  the  Missoula Group share much in common with th e  sediments 
o f  the  Torrodonian Group (Precambrian) o f  Scotland (S e l l e y ,  1965,
1970) and the  Difunta Group (Cretaceous-Paleocene)  in n o r th e a s te rn  
Mexico (McBride, 1975) in  t h a t  th e  co lo rs  r e f l e c t  both d ep o s i t io n a l  
and d ia g e n e t ic  environments.
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Figure 4 Coexisting red and green c l a s t s  in upper McNamara
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The red sediments o f  th e  McNamara, Torrodonian Group and the 
Difunta Group are  colored by hematite  intergrown with c l a y s ,  as 
coa t ings  on g ra in s  and as h em at i t ic  mudclasts.
The green colored sediments in a l l  o f  th e  groups i s  produced 
by c h l o r i t e ,  green i l l i t e  and the  pauci ty  o f  hem ati te .  P y r i t e  im­
p a r t s  a gray co lo r  to  the sediment.
The i ron  in the red sediments was probably t r a n sp o r te d  and 
depos i ted  in the  oxid ized  s t a t e  mostly as l im o n i t i c  muds. The red 
sediment o f  th e  McNamara d isp lay  abundant well developed polygonal 
mudcracks, s a l t  c a s t s ,  gypsum c a s t s ,  mudclasts and pervas ive  hema­
t i t e  suggest ing  subaer ia l  exposure in  an ox id iz ing  environment.
The th in ly  bedded green sediments o f  the  upper McNamara were 
probably i n i t i a l l y  deposited  as oxidized sediments,  but were subse­
quen t ly  reduced below the  depos i t iona l  in t e r f a c e  in shallow ponds. 
McBride (1975) r e p o r t s  coex is t ing  red and green c l a s t s  in  channel 
sands in the  Difunta Group, in d ic a t in g  t h a t  the ox id ized  o r  reduced 
n a tu re  o f  th e  iron r e s u l t e d  s h o r t ly  a f t e r  d epos i t ion  and was a v a i l a b le  
to  e ros ion  on the  d e l t a  p la in .  Coexisting red and green i n t r a c l a s t s  
a re  p re se n t  in q u a r t z i t e s  o f  the  upper McNamara (Fig. 4) .
Much o f  the  Garnet Range i s  gray to  gray-green p y r i t i c  q u a r t z i t e  
with numerous dark gray to  black mudcracked su r faces  and mudclasts 
which sugges t  p o s t -d ep o s i t io n a l  reduct ion  of  red beds. The over ly ing  
P i l c h e r  Formation i s  a red h em a t i t ic  q u a r t z i t e ,  implying t h a t  reduc­
t io n  was confined to  the Garnet Range perhaps r e s u l t i n g  from a 
reducing w ater  t a b le .
CHAPTER IV
CHERT AND CHERTY SILTITE OF THE UPPER McNAMARA 
AND LOWERMOST GARNET RANGE
Description
Cherts and cher ty  s i l t i t e s  are  r a re  in the  B e l t  Supergroup o f  
northwestern  Montana. They have been observed in  the  P r ichard  Forma­
t io n  and the  Middle Belt  carbonate but are  most common in th e  Missoula 
Group. Chert i s  p re sen t  in every sec t ion  o f  the  uppermost McNamara 
and becomes r a r e r  in the  lowermost Garnet Range.
The c h e r t  o f  th e  uppermost McNamara and lowermost Garnet Range 
i s  hard ,  harder  than a hammer, and commonly breaks in to  small conchoi-  
dal  fragments .  Color ranges from mostly green to  g ray -g reen ,  al though 
some Is  brown. Thickness o f  ind iv idual  beds ranges from microscopic 
to  15 cm. In some s e c t io n s ,  ind iv idua l  beds can be followed the 
length o f  a v a i la b le  outcrop (20 m.). Cherty sediments occur  through­
ou t  the  same in te rv a l  w ith in  the  McNamara-Garnet Range t r a n s i t i o n  f o r  
a hor izon ta l  d i s t an ce  o f  250 km. Chert c l a s t s  up to  5 cm, long occur 
in  crossbedded q u a r t z i t e  in the  F l in t  Creek s e c t io n .
P e t r o g r a p h ic a l ly , the  ch e r t s  and che r ty  s i l t i t e s  c o n s i s t  o f  d e t r i ­
t a l  g ra in s  in  a p a r t l y  to t o t a l l y  s i l i c i f i e d  m ic ro c ry s t a l l in e  qua r tz  o r  
chalcedony matr ix  (Fig. 5). Matrix supported d e t r i t a l  g ra in s  a re  most­
ly  q u a r t z ,  f e ld s p a r ,  mica, and c h l o r i t i c  (?) c l a s t s .  Occasional qua r tz  
g ra in s  are  embayed (Fig, 6) .  Diagenetic p y r i t e  i s  a lso  p re se n t .  
Spherules and f i l a m e n ts ,  poss ib ly  a lgal  in o r i g i n ,  a re  well preserved
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Origin of  Chert
Theories suggest ing  the o r ig in  of  the  c h e r t  beds of  the  upper 
McNamara and lower Garnet Range can only be cons idered  sp e c u la t iv e  
a t  t h i s  po in t .
Throughout the s t r a t i g r a p h i e  record occur c h e r t s  formed by dev i­
t r i f i c a t i o n  of  vo lcan ic  ash and subsequent r e le a s e  and p r e c i p i t a t i o n  
o f  hydrated s i l i c a  ( o p a l ) ,  which converts  to  chalcedony o r  m icrocrys-  
t a l l l n e  quar tz .  Cherts o f  the  Duchesne Formation (Anderson and P ica rd ,  
1974) and the  Arkansas Novaculltes (G o lds te in ,  1959) are  be l ieved  to  
have formed In t h i s  manner. The very t h in l y  bedded appearance o f  some 
ch e r ty  a r g i l l i t e s  In the upper McNamara and lower Garnet Range suggest  
t h a t  they were deposi ted  In shallow I n t e r m i t t e n t  ponds. Other  c h e r t  
beds a t  the  tops o f  graded sequences may have r e s u l t e d  from reworked 
ash. A s i m i l a r  process has been suggested f o r  s i l i c i f i e d  ash o f  the 
Duchesne Formation (Anderson and P ic a rd ,  1974). In th in  s e c t i o n ,  em­
bayed quar tz  and p o ss ib le  ghosts o f  coa rse -g ra in ed  d e t r i t a l  c l a s t s  
appear Id e n t ic a l  to  d e v i t r i f l e d  t u f f  fragments In th e  Cretaceous 
Dunkleberg Group o f  Montana and th e  S i lu r i a n  o f  Maine (Horodyski, 
personal communication).
The only known volcan ic  a c t i v i t y  In the  B e l t  region w i th in  the  
a v a i l a b le  time framework o f  th e  McNamara and Garnet Range a re  g reen­
s tones  In e a s te rn  Washington (Leola Volcanics) and southern B r i t i s h  
Columbia ( I r en e  Volcanics) which are  Windermere in  age. Due to  s e d i ­
mentary reworking, l a t e r  metamorphism, and lack o f  any concre te  e v i ­
dence connecting them with known volcanism, i t  i s  h igh ly  s p e c u la t iv e
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Figure 5. Fine grained ch e r t s  a t  Trout Creek sec t ion
Figure 5. Embayed quar tz  g ra in  in c h e r t  (Rainbow Bend se c t io n )
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to  say t h a t  the  ch e r t s  o f  the  McNamara and lower Garnet Range are v o l ­
canic  in o r ig in .
A s im pler  way to  expla in  the o r ig in  o f  th e  cherty  sediments 
r e s u l t s  from the  conversion of  sm ect i te  to i l l i t e  during d ia g en es is .
I t  has been suggested (Hower, e t  a l . ,  1976) t h a t  th e  sm e c t i te  to  
i l l i t e  re a c t io n  y i e ld s  s i l i c a  ( sm ect i te  + Al***̂  + K = i l l i t e  + Si*^).  
The a l t e r a t i o n  of  o r th o c la se  in  the  uppermost McNamara and Garnet 
Range could supply aluminum and potassium f o r  th e  c lay  r e a c t io n  and 
a l so  r e l e a s e  f r e e  s i l i c a .  The abundance o f  mature mudcracks, occa­
s iona l  gypsum c a s t s ,  and red beds in the  upper McNamara suggests  t h a t  
a subhumid to  a r id  environment ex i s ted  which would be favo rab le  fo r  
the  formation o f  sm ect i te .  The ch a ra c te r  o f  th e  Garnet Range suggests  
a w e t t e r  environment and might explain  the  sudden decrease  in c h e r t s .
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CHAPTER V
SECTION DESCRIPTION AND INTERPRETATION 
P o r te rs  Corner Sect ion ( P .C . )
Descr ip t ion
The s a l i e n t  f e a tu re s  o f  the  s t r a t i g r a p h i e  se c t io n  a t  P o r te rs  Cor­
n e r  a re  descr ibed  below. For more d e t a i l ,  see Appendix I.
The 380 meter th ick  s ec t io n  a t  P o r te rs  Corner i s  descr ibed  in 
fou r  segments.
The lowermost 34 meters c o n s i s t  mostly o f  repea ted  graded se ­
quences from 10-45 cen tim eters  th ick .  At the base o f  each graded s e ­
quence are  medium to  coarse grained high angle t a n g e n t i a l l y  c r o s s ­
bedded q u a r t z i t e s  up to  10 cen t im ete rs  high with  imbricated  mudchips. 
These grade upward in each sequence in to  h o r i z o n ta l l y  laminated red 
s i l t i t e s .  The tops o f  most sequences are scoured below th e  base of 
the  next  over ly ing  graded sequence. Crossbeds throughout t h i s  se ­
quence a re  r a t h e r  u n id i r e c t io n a l  to  the  north .
The second u n i t ,  from 34-135 m eters ,  i s  mostly t a n g e n t i a l l y  c ro s s ­
bedded coarse q u a r t z i t e  up to  25 cen t im ete rs  high and t a b u la r  c ro ss -  
beds up to  10 cen t im e te rs .  S i l t  beds are  s i g n i f i c a n t l y  fewer than in 
the  under ly ing  u n i t .  Some a re  cut  by scours up to  1.2 meters deep and 
f i l l e d  by crossbedded sand. An in te rv a l  o f  brown ch e r t  c l a s t s  up to  
5 cen t im ete rs  long occurs between 42-46 m e te r s .
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The t h i r d  u n i t  (135-170 m e te r s ) ,  the  h ig h e s t  u n i t  o f  th e  McNamara, 
i s  dominantly coa rse -g ra ined  pink q u a r t z i t e s  with  high angle tangen­
t i a l  c rossbeds ,  up to  1 meter h igh ,  con ta in ing  la rg e  im br ica ted  mud­
ch ips .  D e t r i t a l  mica becomes conspicuous in  th e  upper p a r t  o f  t h i s  
segment.
The uppermost u n i t  (170-380 meters) i s  dominantly a gray micaceous 
p la n a r  to  crossbedded q u a r t z i t e  with r a r e  red beds in th e  lower p a r t  
o f  th e  sequence. The base o f  t h i s  u n i t  marks t h e  base o f  th e  Garnet 
Range Formation. An in te rv a l  o f  l im onite  s t a in e d  q u a r t z i t e ,  which i s  
deeply weathered,  i s  cu t  and ov er la in  by p lan a r  crossbedded q u a r t z i t e  
with r e l a t i v e l y  f r e s h ,  unweathered fe ld s p a r  and mica g ra in s .
Environmental I n t e r p r e t a t i o n  o f  the  P o r te rs  Corner Section
P o r te rs  Corner i s  th e  southernmost sec t ion  s tud ied  and con ta ins  
the  c o a r s e s t  g ra in  s iz e s  and the  l a r g e s t  s c a le  sedimentary s t r u c t u r e s  
in t h i s  study. I t  i s ,  t h e r e f o r e ,  probably c l o s e s t  to the  o r ig in a l  
source area .
The lowermost u n i t  in th e  P o r te rs  Corner s e c t io n  (0-34 meters)  
probably rep re se n ts  shallow, f a i r l y  s t r a i g h t ,  northward-f lowing b ra ided  
s tream channels in the  lower flow regime. The s i l t s  a t  the  top of  
graded sequences were probably deposi ted  from suspended load  as chan­
ne ls  s h i f t e d .  The s h i f t i n g  channels scoured under ly ing  s i l t s ,  le av in g  
them as d iscont inuous  len ses .  Some o f  the  s i l t  was reworked in to  
mudclasts in the  over ly ing  sands.
The second and t h i r d  u n i t s  r e p re se n t  th e  p ro g re ss iv e  incu rs ion  
o f  l a r g e r  and deeper braided stream channels which u l t im a te ly  formed.
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crossbeds up to  1 meter th ic k .  The f in e  s i l t s  which are  so common in 
th e  lowermost u n i t  a re  a l l  but absent  because o f  high channel d en s i ty  
and reworking. The obvious inc rease  in d e t r i t a l  mica toward the top 
o f  th e  t h i r d  u n i t  r ep re sen ts  the  increased  c o n t r ib u t io n  from a meta- 
morphic source.
The uppermost un i t  (170-380 meters) i s  c o n s i s t e n t l y  more mica­
ceous than th e  underlying sequences and r e p re se n ts  the f i rm  e s t a b ­
l ishment o f  a metamorphic source area .  The development o f  gray beds 
probably r e s u l t s  from rap id  sediment bur ia l  w i thou t  ox id a t io n  o r  from 
d ia g e n e t ic  reduct ion  o f  sediment. Abundant p la n a r  crossbedded q u a r t -  
z i t e s  were deposited  as long i tud ina l  and/or  t r a n s v e r s e  bars  with 
p la n a r  bedded sediments deposi ted  on top in upper flow regime. The 
horizon o f  l im o n i t i c  s ta in ed  q u a r t z i t e  may r e p r e s e n t  a Precambrian 
weathering hor izon ,  suggest ing  a period o f  non-depos i t ion .
Rainbow Bend Section (R.C.)
Descr ip t i  on
The Rainbow Bend sec t io n  c o n s i s t s  o f  fo u r  d e f in a b le  u n i t s .  For 
a more d e t a i l e d  d e s c r ip t i o n ,  see Appendix X.
Unit one (0-19 meters) co n s i s t s  o f  s l i g h t l y  micaceous medium- 
to  f in e -g ra in e d  q u a r t z i t e  and s i l t i t e .  The lowermost p a r t  o f  the  u n i t  
i s  dominantly f in e -g ra in e d  q u a r t z i t e  and s i l t i t e ,  forming up to  7.5 
ce n t im e te r  graded coup le ts  with mudcracked s u r f a c e s .  Rare th in  beds 
o f  green s i l t i t e  up to 2 .5  cen t im e te rs  occur throughout th e  lower 
p a r t  o f  t h i s  u n i t .
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The remaining upper p a r t  o f  the  u n i t  i s  dominantly red medium- 
gra ined  q u a r t z i t e  to  s i l t i t e  forming graded sequences up to  20 c e n t i ­
meters th ic k .  Scours up to  13 cen t im eters  deep and p lan a r  beds with 
im br ica ted  mudchips a t  the  base pass up in to  asymmetrical climbing 
r i p p l e s  and h o r i z o n ta l ly  laminated s i l t s .  Rare mudcracks and r a i n ­
drop impressions occur s p o ra d ic a l ly  throughout th e  upper p a r t  o f  the  
u n i t .  A 30 cen t im ete r  th ic k  bed o f  brown che r ty  s i l t i t e  occurs a t  
about 13 meters in the  s e c t io n .
Unit two (20-49 meters)  i s  comprised o f  dominantly medium- to  
coa rse -g ra ined  36 cen t im ete r  graded sequences with  deep scours  a t  the  
base up to  46 cen t im ete rs  long and 15 cen t im ete rs  deep, f i l l e d  and 
o v e r la in  by high angle crossbeds up to  10 cen t im ete rs  h igh ,  passing 
up to  abundant asymmetrical r ip p le s  and th in  beds o f  h o r i z o n ta l l y  
laminated s i l t i t e s .  No mudcracked su rfaces  were observed.
Unit th ree  (60-112 meters)  i s  mainly red and purple  medium- to 
f in e -g ra in e d  micaceous q u a r t z i t e  and s i l t i t e  with  r a r e  gray-green  
q u a r t z i t e s .  P lanar  beds and climbing r ip p le s  up to  5 cen t im ete rs  
high and sand to  s i l t  graded beds up to 30 cen t im e te rs  t h i c k  are  
common. Some th in  beds a t  the  tops o f  graded sequences con ta in  up to 
15% d e t r i t a l  mica and weather to  a crumbly brown.
Unit four  (112-140 meters)  c o n s i s t s  o f  graded sequences up to  
60 cen t im ete rs  th ic k  t h a t  a r e  medium- to coa rse -g ra ined  micaceous gray 
and very micaceous gray-green l im o n i t i c  s t a in e d  q u a r t z i t e  with abundant 
p la n a r  beds a t  the  base o v e r la in  by climbing r i p p l e s  up to  5 c e n t i ­
meters high. Abundant p la n a r  beds and ra re  massive gray q u a r t z i t e s
21
up to  1 meter th ic k  are  p resen t  throughout th e  u n i t .  No mudcracks o r  
red mudclasts were observed. The t r a n s i t i o n  o f  the  red sediments o f  
u n i t  th r e e  to  the dominantly gray and gray-green micaceous sediments 
o f  u n i t  fo u r  marks th e  con tac t  between the  McNamara and t h e  Garnet 
Range.
Environmental I n t e r p r e t a t i o n
The lower p a r t  o f  u n i t  one probably r e p re s e n t s  d ep o s i t io n  o f  s e d i ­
ment e i t h e r  between lobes o f  th e  braided fan s i m i l a r  to  th o se  desc r ib ed  
by McGowan (1971) f o r  th e  Gum Hollow Fan, o r  overbank d ep o s i t io n  a d j a ­
cen t  to  shallow bra ided  streams on a d e l t a  p l a in .  Rare th in  green 
beds lack ing  mudcracks were probably depos i ted  in  temporary shallow 
ponds and subsequently  reduced below the  d ep o s i t io n a l  i n t e r f a c e .
The remaining upper p a r t  o f  the  u n i t  r e p r e s e n t s  development o f  
l a r g e r  and deeper braided  streams r e s u l t i n g  from inc reased  d ischarge  
o r  poss ib ly  from th e  l a t e r a l  migrat ion o f  the  main p a r t  o f  th e  fan.  
Graded sequences probably r ep re se n t  waning d isch a rg e  r a t e s  and i n ­
f i l l i n g  o f  channels .  The s l i g h t  inc rease  in  d e t r i t a l  mica r e s u l t s  
from th e  h igher  c o n t r ib u t io n  from a metamorphic source .
Unit two probably rep re sen ts  the  e s ta b l i sh m e n t  o f  development o f  
l a r g e r  more competent streams forming deep sc o u rs .  The lack  o f  mud­
cracks in  th e  tops o f  graded sequences i s  probably  a r e s u l t  o f  high 
channel a c t i v i t y  o r  high humidity,  prevent ing  th e  formation o f  w e l l -  
developed polygonal mudcracks.
Unit th re e  demonstrates the  in terbedded n a tu re  o f  t h e  t r a n s i t i o n .  
P lanar  bedding passing in to  climbing r ip p l e s  in  graded sequences a re
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s i m i l a r  to  those  developed in the Bonner Formation (Winston, 1973). 
Winston (1973) suggested th a t  p lana r  beds were probably depos i ted  in 
upper flow regime across broad and very shallow channe ls ,  p o ss ib ly  
during shee t  f loods .  The t r a n s i t i o n  from h ig h e r  to  lower flow regime 
did  not produce dunes because the  streams were too sha l low ,  and as a 
r e s u l t ,  climbing r ip p le s  formed. The high percen tage  o f  d e t r i t a l  
mica a s so c ia ted  with  f in e  gra ined  q u a r t z i t e  demonstrates  t h a t  they 
behave as sm alle r  g ra ins  due to  t h e i r  p la ty  n a tu re .
Unit four  marks the  s t r a t i g r a p h i e  con tac t  o f  the  McNamara with 
the  Garnet Range. The l a r g e r  sedimentary s t r u c t u r e s ,  gray to  gray- 
green co lo rs  and high d e t r i t a l  mica con ten t  a re  c h a r a c t e r i s t i c  o f  the  
lowermost Garnet Range Formation. Massive s t r u c t u r e l e s s  gray q u a r t ­
z i t e s  up to  one meter th ic k  are very s im i l a r  to  sands depos i ted  by 
l a t e r a l  acc re t io n  in  d i s t r i b u t a r y  channels in  shallow f a s t - f lo w in g  
bra ided  streams (Shaw, 1975, p. 299). P lanar  beds in o v e r l a in  by 
climbing r ip p le s  probably formed s im i l a r ly  to  those  descr ibed  in u n i t  
th r e e .  Sedimentary s t r u c t u r e s  in  the  Garnet Range and the  gray to  
gray-green co lo r  suggest  h igher  d ischarge ,  more r ap id  d ep o s i t io n  and 
d ia g e n e t ic  reduct ion  o f  sediment.
E l l i s  Mountain Sect ion  (E.M.)
Descrip t ion
The s a l i e n t  f e a tu re s  o f  the  68 meter E l l i s  Mountain s e c t io n  near  
A lbe r ton ,  Montana, a re  descr ibed  in  fou r  sedimentary packages.  A de­
t a i l e d  d e s c r ip t io n  i s  p resen ted  in Appendix I .
23
The lowermost p a r t  o f  the  s ec t io n  (0-12 meters)  i s  medium grained 
red to  maroon s l i g h t l y  micaceous q u a r t z i t e  and s i l t i t e .  Graded coup­
l e t s  from 15-30 cen t im ete rs  th ic k  a re  common and have small imbricated 
mudclasts and asymmetrical climbing r ip p le s  a t  th e  base which grade 
in to  mudcracked h o r i z o n ta l ly  laminated s i l t i t e .  H o r izo n ta l ly  laminated 
s i l t i t e s  a re  abundantly scoured and supply mudchips in ove r ly ing  q u a r t ­
z i t e s .  Seven cen t im ete r  l e n t i c u l a r  lenses  o f  pink medium gra ined  
q u a r t z i t e  occur  s p o rad ic a l ly .
The second p a r t  o f  the  s e c t io n  (12-18 meters)  i s  dominantly red 
to  maroon s l i g h t l y  micaceous medium grained q u a r t z i t e  and s i l t i t e .  
Abundant asymmetrical climbing r ip p le s  up to  2 .5  cen t im ete rs  th ic k  
form sequences up to  1 .8  meters th ic k .  Graded coup le ts  between 2 .5  
and 5 cen t im ete rs  th ic k  are  common. Rare h o r i z o n ta l ly  laminated f in e  
gra ined  green s i l t i t e  occur  i n t e r m i t t e n t l y .
The t h i r d  u n i t  (18-42 meters)  i s  a r e l a t i v e l y  th ick  in te rv a l  of  
micaceous,  c o a r s e r ,  gray and purple q u a r t z i t e s  in te rbedded  with  r a r e  
f in e  grained  red q u a r t z i t e s .  Many o f  th e  gray beds d isp lay  l im o n i t i c  
weathering.  This in te rv a l  con ta ins  numerous beds o f  low angle  p la n a r  
crossbed s e t s  up to  10 cen t im ete rs  th ick  which a re  planed o f f  by upper 
regime p lan a r  beds con ta in ing  abundant im br ica ted  mudclasts forming 
sequences up to  70 cen t im ete rs  th ic k .  An 18 meter  th ic k  sequence o f  
che r ty  s i l t i t e s  o v e r la in  and under la in  by q u a r t z i t e s  i s  prominent a t  
the top o f  t h i s  i n t e r v a l .  I t  i s  i n t e n s e ly  f r a c t u r e d  and sedimentary 
s t r u c t u r e s  a r e  obscured. In th in  s e c t io n  they  appear t h i n l y  bedded.
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The base of  th e  fou r th  and uppermost u n i t  (42-68 meters)  Is  marked 
by th e  con tac t  o f  th e  dominantly red McNamara w ith  the  dominantly gray 
to  gray-green Garnet Range. Sediments are  medium to coarse grained 
very micaceous gray to  gray-green q u a r t z i t e s  t h a t  commonly weather 
reddish  brown. Abundant p lanar  beds with mica concen tra ted  along 
bedding planes are  very common. Less common a re  u n id i r e c t io n a l  (n o r th ­
ward) s e t s  o f  t a n g e n t ia l  crossbeds up to  30 cen t im e te rs  high. Graded 
sequences up to  45 cen t im ete rs  th ic k  commonly have p lana r  beds a t  the 
base which pass upward in to  asymmetrical cl imbing r ip p l e s  up to  5 
cen t im ete rs  high and h o r i z o n ta l ly  gray to  dark gray h o r i z o n ta l ly  lam­
ina ted  s i l t i t e s .  Some p lan ar  crossbeds o v e r la in  by p lan a r  beds are  
bordered by channel scours .  Disseminated p y r i t e  was found i n t e r m i t ­
t e n t l y  throughout t h i s  u n i t .  Mudcracks a re  very r a re  and a re  mostly 
poorly  developed. Very th in  cher ty  beds and c l a s t s  occur only in the  
lowermost p a r t  o f  the  i n t e r v a l .  Patches o f  c a l c i t e  as f r a c t u r e  f i l ­
l in g s  between d e t r i t a l  g ra in s  p re se n t  in q u a r t z i t e s  occur s p o ra d ic a l ly  
throughout t h i s  u n i t .
Environmental I n t e r p r e t a t i o n
The lowermost p a r t  o f  the  E l l i s  Mountain s e c t io n  probably r e p r e ­
se n ts  overbank depos i t ion  a d jacen t  to  s tream channels o r  shee t  f lo o d ­
ing along an ex tens ive  d e l t a  p la in .  The abundance o f  asymmetrical 
c limbing r ip p l e s  in d ic a t e  rap id  d ep o s i t io n  by sediment laden water  in 
lower flow regime. P lanar  beds con ta in ing  l a r g e  numbers o f  mudchips 
were depos i ted  in upper flow regime p o ss ib ly  dur ing  sh ee t  f looding .
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The most prominent f e a tu re s  o f  the  second in t e r v a l  a re  th ick  s e ­
quences o f  asymmetrical climbing r ip p le s  which a re  s i m i l a r  to those 
descr ibed  from Walker (1963). He in t e r p r e t e d  th e  sequences to  have 
been from overbank flood waters  high in suspended sediment load depo­
s i t e d  in abandoned stream channels by a r a t h e r  s teady  c u r r e n t .  Thinly 
bedded green s i l t i t e s  were probably depos i ted  in small i n t e r m i t t e n t  
ponds with reducing cond i t ions  below th e  d ep o s i t io n a l  i n t e r f a c e .
Unit t h r e e  rep re sen ts  the northward advance o f  l a r g e r  b ra ided  
streams forming long i tud ina l  o r  t r a n s v e rs e  b a r s ,  approximately  1 
meter h igh ,  which were f re q u e n t ly  scoured by upper regime flow. 
Limonitic coa t ings  s t a in in g  the  gray q u a r t z i t e s  r e p re se n t  weather ing  
o f  fe r ro u s  i ron .  The in te rbeds  o f  gray q u a r t z i t e  with  reduced i ron  
and red q u a r t z i t e  w ith  oxid ized  i ron  r e f l e c t  th e  g rada t ion  o f  Mc­
Namara t r a n s i t i o n  in to  the  over ly ing  Garnet Range. The c h e r t s  are 
d iscussed  s e p a r a te ly ,  p.
The uppermost p a r t  o f  the  s e c t io n  i s  t o t a l l y  w i th in  t h e  Garnet 
Range. The in c rease  in  d e t r i t a l  mica concen tra ted  along bedding 
planes r e s u l t s  from th e  in c re a s in g  dominance from a metamorphic source. 
The g r e a t e r  number o f  p la n a r  beds rep re se n ts  a h ighe r  inc idence  o f  
upper regime flow. P lanar  crossbeds o v e r la in  by p lanar  beds and c u t  
by t r a n s v e rs e  crossbeds a re  c h a r a c t e r i s t i c  o f  t r a n s v e r s e  o r  lo n g i tu ­
dinal  bars  cu t  by small b ra ided  streams (Boothroyd and Ashley,  1975, 
p. 214). The s c a r c i t y  o f  mudcracks and sedimentary  f e a t u r e s  in d ic a ­
te s  high d ischarge  r a t e s  with rap id  d ep o s i t io n .  The presence  o f  py­
r i t e  suggests  reducing cond i t ions  p o ss ib ly  genera ted  by a high water  
t a b l e .
2 6
Trout Creek Sect ion (T.C.)
Descrip t ion
The prominent f e a tu re s  o f  th e  Trout Creek s e c t io n  a re  descr ibed
below as th r e e  d i s t i n c t  packages. For a more d e t a i l e d  d e s c r i p t i o n ,
see Appendix I .
The lowermost p a r t  o f  th e  se c t io n  (0-20 m eters )  i s  c h a r a c te r i z e d  
by f in e  grained red s i l t i t e s  forming up to  5 c e n t im e te r  graded se ­
quences with mudcracked su r fa ce s .  Within the  red bed sequence ,  th in  
beds o f  green s i l t i t e s  l e s s  than 2 .5  cen t im ete rs  th ic k  a re  common with 
r a r e r  beds o f  f in e  grained q u a r t z i t e  up to  10 ce n t im e te rs .  Some o f  
the  graded red beds contain  pink q u a r t z i t e ,  t h a t  i s  p la n a r  bedded, a t  
th e  base and passes up in to  asymmetrical cl imbing r ip p le s  up to  5 
cen t im ete rs  h igh ,  followed by h o r iz o n ta l ly  laminated red s i l t i t e .  Gray 
to  gray^green cher ty  s i l t i t e s  with r a r e  dewatering s t r u c t u r e s  and small 
s o f t  sediment fo ld s  occur throughout the  upper p a r t  o f  t h i s  i n t e r v a l .
The s ec t io n  from 20-50 meters th ic k  i s  mostly  pink to  red medium
grained  q u a r t z i t e s  and s i l t i t e s  forming graded sequences up to  23 
cen t im ete rs  th ic k  with 7.5 ce n t im e te r  high s e t s  o f  t a n g e n t i a l  c r o s s ­
beds con ta in ing  imbricated  mudclasts up to  5 cen t im e te rs  long t h a t  
pass up in to  asymmetrical climbing r ip p le s  up t o  5 cen t im e te rs  high.
The tops o f  most graded sequences a re  e x te n s iv e ly  mudcracked and 
sometimes e x h i b i t  ra indrop  impressions.  Rare green s i l t i t e s  up to  7 
cen t im e te rs  th ic k  o f  uniform th ickness  occur throughout t h i s  i n t e r v a l .  
In the  upper p a r t  o f  t h i s  i n t e r v a l ,  d e t r i t a l  mica in c re a se s  n o t ic e a b ly .
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The uppermost segment o f  the  se c t io n  (39-75 m ete rs )  i s  micaceous 
p ink ,  r e d ,  and purple  s i l t i t e s  to  medium g ra ined  q u a r t z i t e  which 
ab rup t ly  passes upward in to  the  micaceous gray to  gray-green  q u a r t ­
z i t e  and s i l t i t e  o f  th e  Garnet Range Formation. At 56 meters in the  
s e c t io n ,  both p lan a r  beds 10-15 cent im ete rs  th i c k  and t a n g e n t i a l  
crossbeds up to  10 cen t im ete rs  high in d ic a t e  a northward d i r e c t i o n  of  
t r a n s p o r t  are  common. Asymmetrical cl imbing r i p p l e s  up to  5 c e n t i ­
meters high occur throughout th e  u n i t .  Rare c h e r ty  s i l t i t e s  up to  
.65 cen t im ete rs  th ic k  and very r a r e  mudcracked s u r f a c e s  a re  found in 
the  upper p a r t  o f  the  se c t io n .
Environment o f  Deposition
The lowermost in te rv a l  o f  th e  Trout Creek s e c t i o n  probably rep ­
r e se n ts  depos i t ion  o f  f in e  grained sediments on a very low g ra d ie n t  
d e l t a  p la in  followed by ex tens ive  d e s s ic a t io n  r e s u l t i n g  in  abundant 
polygonal mudcracks. McGowan (1971) desc r ib es  very well-developed 
mudcracked su r faces  between var ious  lobes in  t h e  d i s t a l  p a r t s  o f  the  
Gum Hollow Fan in Texas. The green f i n e l y  bedded s i l t i t e s  lack ing  
mudcracks and f in e -g ra in e d  q u a r t z i t e  were probably  depos i ted  in  s h a l ­
low ponds or  along the  margin o f  a l a r g e r  body o f  w ater  t h a t  occas­
io n a l ly  advanced and receded. The water  cover reduced f e r r i c  to  
f e r ro u s  i ron  below th e  d ep o s i t io n a l  i n t e r f a c e .  The in f lu x  o f  s l i g h t l y  
c o a rs e r  pink sand in 10 cen t im e te r  coup le ts  t h a t  pass from p la n a r  beds 
to  asymmetrical cl imbing r ip p le s  covered with very  f i n e  gra ined  s e d i ­
ments o f  uniform th ickness  r e p re s e n t s  advance in c u r s io n  o f  shallow
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braided  stream channels which overflowed t h e i r  channels .  The t r a n s i ­
t io n  o f  p lana r  beds to  asymmetrical r ip p le s  probably took p lace  in  
shallow streams o r  d i s t r i b u t a r i e s  which l im i te d  th e  s i z e  o f  bedforms.
The middle p a r t  o f  the  s e c t io n  rep re se n ts  development o f  deeper 
and more competent streams which deposited  northward dipping u n i d i r ­
e c t io n a l  crossbeds.  Large im brica ted  mudclasts w i th in  f i n e  gra ined 
q u a r t z i t e s  and s i l t i t e s  suggests  t h a t  the  competency o f  th e  streams 
was g r e a t e r  than the  g ra in  s i z e  a v a i la b le .  Perhaps ra ins to rm s t h a t  
l e f t  ra indrop  impressions on numerous bedding su r fa c e s  swelled  the  
streams. Uniform green s i l t i t e s  were probably depos i ted  in  i n t e r m i t ­
t e n t  ponds.
The uppermost u n i t  i s  in c re a s in g ly  micaceous and r e p re s e n t s  
g r e a t e r  c o n t r ib u t io n  from a metamorphic source depos i ted  by braided 
s tream channels .  The gray to  gray-green co lo rs  o f  th e  Garnet Range 
r e p re s e n t  d ia g en e t ic  reduct ion  o f  sediment.  F ine-gra ined  green s i l ­
t i t e s  with very r a r e  mudcracks probably r e p r e s e n t  dep o s i t io n  in  s h a l ­
low ponds o r  in  an embayment by ad jacen t  b ra ided  s treams.
Thompson F a l l s  Section ( T .F . )
D escr ip t ion
The Thompson F a l ls  s e c t io n  i s  descr ibed  in  th ree  s e p a ra te  u n i t s .  
For a more d e t a i l e d  d e s c r i p t i o n ,  see Appendix I .
Unit  one (0-79 meters)  c o n s i s t s  o f  a r e l a t i v e l y  th i c k  sequence 
o f  f in e - g r a in e d  green s l i g h t l y  ca lcareous  s i l t i t e  th a t  i s  very t h i n l y  
bedded (7 m i l l im e te r s )  h o r i z o n ta l ly  laminated w ith  very r a r e  sub-
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Figure 7 O o l i te s  in green s i l t i t e  (Thompson F a l l s  s e c t i o n ) .
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a e r i a l  mudcracks. A th in  (7 .5  cen t im ete rs )  bed o f  cher ty  s i l t i t e ,
7 meters up sec t io n ,  c o n s is t s  o f  chalcedony (probably  r ep la c in g  c a l ­
c i t e ) ,  and d isp lays  f e n e s t r a l  f a b r i c  (b irdseye  s t r u c t u r e s )  and m atr ix  
supported o o l i t e s  (Fig. 7) .  Occasional l i n e a r ,  d iscon t inuous  probably 
subaqueous mudcracks, and water  expuls ion s t r u c t u r e s  occur  in the 
more t h in l y  laminated sediments which have very sharp upper and lower 
c o n ta c t s .  S l ig h t ly  co a rse r  sediment with small s c o u r s ,  asymmetrical 
r i p p l e  marks, and polygonal su b ae r ia l  mudcracks become in c re a s in g ly  
common toward the top o f  t h i s  u n i t .
Unit  two (79-97 meters)  i s  comprised o f  c o a r s e r  (medium gra ined)  
s l i g h t l y  micaceous red q u a r t z i t e  and s i l t i t e  w ith  northward m igra t ing  
climbing r ip p le s  and imbricated  mudclasts.  The q u a r t z i t e  forms 
graded sequences up to  15 cen t im eters  th ic k  with t a n g e n t i a l  (5 c e n t i ­
meter) crossbeds a t  th e  base t h a t  pass up in to  climbing r ip p l e s  and 
h o r iz o n ta l ly  laminated mudcracked sediments a t  th e  top. Some bedding 
su r faces  contain  gypsum c a s t s  (Fig.  8) .
The base o f  u n i t  t h r e e  (97-121 meters) marks the  c o n ta c t  o f  the  
upper McNamara and th e  Garnet Range. The sediments a re  g e n e ra l ly  
micaceous medium to f i n e  gra ined  gray to  g ray -g reen ,  sometimes weath­
ered  to  l im o n i t i c  sands tone ,  t h a t  commonly form up to  10 ce n t im e te r  
th ic k  graded coup le ts  w ith  asymmetrical r i p p l e  marks up to  5 c e n t i ­
meters high. No mudcracks were observed.
Environment o f  Deposition
The lowermost u n i t  o f  th e  Thompson F a l l s  s e c t io n  was probably 
depos i ted  in a p ro g re ss iv e ly  f i l l e d  a l k a l i n e  body o f  w a te r ,  perhaps
31
I Crm.
Figure 8 Gypsum c a s t s  in uppermost McNamara (Thompson F a l l s  s e c t i o n ) .
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a p ro tec ted  embayment. The th i n l y  laminated n a tu re  o f  the  sediments 
a t  th e  base o f  th e  s ec t io n  probably r ep resen ts  th e  q u i e t e s t  and deep­
e s t  environment o f  a l l  the  s e c t io n s  s tu d ied .  The presence o f  matrix  
supported o o l i t e s  suggest  in f lu x  o f  sediments from o f fsh o re  bars  or  
ad jacen t  beaches. Fenes tra l  f a b r i c  (b i rd seye  s t r u c t u r e s )  sugges t  a 
per iod  o f  su b a e r ia l  exposure as the  sediments prograded s i m i l a r l y  to  
those o f  th e  c o a s t  o f  Abu Dhabi (P u rse r ,  1973). The uppermost p a r t  
o f  u n i t  one c o n s i s t s  o f  sediment deposited  on a d e l t a  p la in  o r  mar­
ginal sand f l a t ,  cu t  by shallow braided stream channels .
The middle u n i t  appears to  have been depos i ted  on d e l t a  p la in s  
o r  p oss ib ly  t i d a l  f l a t s  with very well developed mudcracked red 
(ox id ized)  sediments. Gypsum c a s t s  (Fig- 8) sugges t  t h a t  ev a p o ra t iv e  
a l k a l i n e  cond i t ions  ex i s ted  a t  l e a s t  l o c a l l y .
The uppermost p a r t  o f  the s e c t io n  marks th e  c o n ta c t  w i th  the  Gar­
n e t  Range. The obvious inc rease  in d e t r i t a l  mica and green to  gray-  
green co lo rs  with  l im o n i t i c  s t a in in g  a re  c h a r a c t e r i s t i c  o f  th e  lower­
most Garnet Range. The sediments re p re se n t  d ep o s i t io n  by more compe­
t e n t  braided streams in shallow waters  o f  th e  d e l t a  f r o n t  o r  in  a d ja ­
ce n t  bodies o f  water  where su b ae r ia l  exposure was very r a r e .  Sub­
aqueous d ep o s i t io n  produced reducing cond i t ions  below th e  d e p o s i t io n a l  
i n t e r f a c e .
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Figure 9 .  ’ Index map to  diagrammatic I n t e r p r e t a t i o n s .
CHAPTER VI 
SUMMARY
In te g ra te d  I n t e r p r e t a t i o n  
In the  Precambrian, optimum condit ions  e x i s t e d  f o r  the  develop­
ment o f  a l l u v i a l  fan d e l t a s  due to  th e  absence o f  v e g e ta t io n  (McGowen 
and Groat,  1971). Sedimentary s t r u c t u r e s  in th e  uppermost McNamara 
and lowermost Garnet Range s t ro n g ly  suggest  d ep o s i t io n  by bra ided  
stream channels on prograding fan d e l t a s .  The northward d ec rease  in 
g ra in  s i z e  and s c a le  o f  sedimentary s t r u c t u r e s  suggest  t h a t  most 
sediment was der ived  from p re -B e l t ian  highlands t o  south o f  th e  Willow 
Creek F au l t ,  c o n s i s t in g  o f  igneous and metamorphic t e r r a i n s .
The uppermost McNamara i s  in t e rp r e t e d  to  have been a northward 
prograding bra ided  fan d e l t a  depos i ted  in  an a r i d  to  subhumid environ­
ment (Fig. 10). Gypsum c a s t s ,  well preserved rounded f e l d s p a r s ,  e x ten ­
s iv e  well developed polygonal mudcracks and red beds sugges t  evapora­
t i v e  cond i t ions  w ith  a well developed zone o f  o x id a t io n  p o s s ib ly  r e ­
s u l t i n g  from a low water  t a b l e .  S a l t  c a s t s  found s l i g h t l y  lower in 
s e c t io n  than those s tu d ied  adds support .
The most proximal p a r t  o f  th e  fan examined, a t  P o r t e r s  Corner 
(F igs .  9 ,  10) con ta in s  th e  l a r g e s t  sc a le  sedimentary s t r u c t u r e s  and 
c o a r s e s t  g ra in  s i z e  of  th e  McNamara s tu d ied .  Northward d ipp ing  1 
meter  high ta n g e n t ia l  crossbeds and channel scoured s i l t i t e s  were 
d epos i ted  by braided streams as they flowed nor th  and decreased  in
energy with a decrease  in g ra d ie n t .
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The Rainbow Bend se c t io n  (Figs.  9, 10) probably r e p re s e n t s  depo­
s i t i o n  by shallow braided  streams in in t e r l o b e  a reas  t h a t  occas ion­
a l l y  f i l l e d  with w ate r  pass ing  up to  sheet  flow sed im enta t ion  in 
upper flow regime in h igher  p a r t s  o f  th e  s e c t io n .
The lowest p a r t  o f  th e  E l l i s  Mountain s e c t io n  (Figs .  9 ,  10) may 
r e p r e s e n t  d epos i t ion  on th e  low g rad ie n t  d e l t a  p la in  o r  perhaps in  
i n t e r l o b e  a rea s .  Higher up se c t io n  as th e  d e l t a  prograded, co a rs e r  
sediments and l a r g e r  s c a le  sedimentary s t r u c t u r e s  were depos i ted  
followed by development o f  bars .
Between the  E l l i s  Mountain s e c t io n  and Trout Creek, th e  dec reas ­
ing g ra d ie n t  i s  very ev iden t .  The medium to  coarse  grained  q u a r t z i t e  
a t  E l l i s  Mountain f in e s  northward to  in terbedded red and green f in e  
g ra ined  q u a r t z i t e s  and s i l t i t e s  a t  Trout Creek. The McNamara a t  
Trout Creek was probably deposited  on th e  d e l t a  p la in  by small b ra ided  
streams which commonly overflowed t h e i r  channels and followed by 
extreme d e s s i c a t io n .  Deposition was a lso  in temporary ponds o r  along 
the  margins o f  a l a r g e r  body o f  water  t h a t  f r e q u e n t ly  advanced and 
receded.
The most d i s t a l  segment o f  the  fan d e l t a  examined, n ea r  Thompson 
F a l l s  (Figs .  9 ,  10),  demonstrates the  p rograda t iona l  n a tu re  o f  the  
upper McNamara. The lowermost p a r t  o f  the  s e c t io n  r e f l e c t s  depos i­
t io n  of  sediment in  a r e l a t i v e l y  q u i e t  environment,  p o s s ib ly  an embay­
ment,  o v e r la in  by sediment with o o l i t e s  depos i ted  from o f f - s h o r e  bars  
o r  ad jacen t  beaches. The o o l i t i c  sediments pass upward to  mudcracked 
red sediments with  gypsum c a s t s  suggest ing  subaer ia l  exposure and
w
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evapora t ive  cond i t ions  poss ib ly  along the  margins o f  a "B el t"  sea or 
an a l k a l i n e  body o f  water.
The t r a n s i t i o n  in to  th e  over ly ing  Garnet Range Formation (Fig.
11) i s  c h a r a c t e r i s t i c a l l y  marked by a change from the  red co lo rs  o f  
th e  uppermost McNamara to  th e  gray to  gray-green co lo rs  o f  t h e  Garnet 
Range, accompanied by c o a rs e r  more micaceous l e s s  mature sediment in 
l a r g e r  s c a le  s t r u c t u r e ,  r e f l e c t i n g  h igher  d ischarge  and probably more 
rap id  d e p o s i t io n  (F ig .  11). The change in  co lo r  r e p re se n ts  reduct ion  
o f  i r o n ,  p o ss ib ly  r e s u l t i n g  from high water  s a t u r a t i o n  of  sediment.
Overlying th e  upper McNamara fan d e l t a  are  th e  sediments o f  th e  
Garnet Range (Fig. 12). The r a r i t y  o f  well developed mudcracks and 
gypsum c a s ts  in the  Garnet Range may r e f l e c t  e i t h e r  sh o r t  pe r iods  o f  
su b a e r ia l  evapora t ion  or  h igher  humidity than th e  McNamara. Reduc­
t io n  o f  i ron  in  the  t r a n s i t i o n  may r e s u l t  from d iag en e t ic  reducing 
cond i t io n s  brought about by high w ater  s a tu r a t i o n .
The lowermost Garnet Range a t  P o r te rs  Corner (Fig, 9) i s  s im i l a r  
to  the underlying McNamara in t h a t  i t  con ta ins  th e  l a r g e s t  sedimentary 
s t r u c t u r e s  and c o a r s e s t  g ra in  s i z e  o f  a l l  s e c t io n s  and i s  a l so  the 
most proximal se c t io n  o f  Garnet Range examined. The Garnet Range 
d i f f e r s  from th e  McNamara in c o l o r ,  type of  sedimentary s t r u c t u r e s ,  
and mineralogy. The lowermost Garnet Range a t  P o r te r s  Corner r e p re ­
s e n ts  development o f  northward m igrat ing  lo n g i tu d in a l  bars  o v e r la in  
by p la n a r  bedded sands depos i ted  in upper flow regime. The sediments 
were r a p id ly  depos i ted  and subsequently  reduced d i a g e n e t i c a l l y .
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Figure 12, Lowermost Garnet Range. { Vertical scale greatly exaggerated.)
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The Rainbow Bend s e c t io n  (F igs ,  9, 12) r ep re se n t  d ep o s i t io n  down 
fan by ra p id ly  flowing braided  streams and p la n a r  bedded sediment 
depos i ted  in upper flow regime.
The E l l i s  Mountain se c t io n  (F ig s ,  9 ,  12) r e f l e c t s  th e  develop­
ment o f  lo n g i tu d in a l  bars  cu t  by small b ra ided  streams and o v e r la in  
by micaceous p la n a r  bedded q u a r t z i t e  depos i ted  in upper flow regime.
The Garnet Range in  Trout Creek probably r ep re se n ts  d ep o s i t io n  
in  shallow ponds o r  ad jace n t  to a l a r g e r  body o f  w a te r ,  by sediment 
laden bra ided  streams (Figs .  9 ,  12).
The most d i s t a l  s e c t io n ,  near  Thompson F a l l s  (F igs .  9 ,  12) ,  rep ­
r e s e n t s  depos i t ion  in shallow d e l t a  from bra ided  streams o r  in  an 
embayment. The shallow water  sediments o f  th e  Garnet Range over ly ing  
the  mudcracked sediment o f  th e  McNamara may r e s u l t  from a r e l a t i v e  
t r a n s g re s s io n  produced by l a t e r a l  migrat ion o f  maximum d ep o s i t io n  as 
th e  d e l t a  subs ided ,  ove ra l l  subsidence o r  a r i s e  in  w ater  l e v e l .
S pecu la t ive  Mechanisms f o r  T ra n s i t io n
Most "Gelt" workers would agree t h a t  the  c h a ra c te r  o f  th e  Garnet 
Range Formation i s  un l ike  any o th e r  u n i t  in the  Missoula Group. I t s  
g re a t  th ickness  (2,425 meters in  A lber ton ,  Wells ,  1974), th e  charac­
t e r i s t i c  gray to  gray-green co lo rs  and high d e t r i t a l  mica con ten t  
make i t  d i s t i n c t i v e .  The abrupt  upward t r a n s i t i o n  from th e  McNamara 
to  the  over ly ing  Garnet Range re p re se n ts  a major change in d ep o s i t io n a l  
o r  source a rea  environments which could have been produced by var ious  
mechanisms. Time c o r r e l a t i o n  with any p a r t i c u l a r  c l im a t i c  or  t e c to n i c
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event i s  sp e c u la t iv e  due to  th e  pauc i ty  o f  rad iom etr ic  d a te s .
The upward coarsening gra in  s iz e  in the  upper McNamara in to  the  
Garnet Range, inc reased  co n t r ib u t io n  from a metamorphic source and 
t r a n s i t i o n  from th e  highly  ox id ized  sediments o f  the  uppermost 
McNamara to  the  l e s s  ox id ized  sediment of  th e  Garnet Range may r e ­
f l e c t  inc reased  su r face  and subsurface  flow o f  w a te r ,  which in  tu rn  
could have been brought about by the  following s p e c u la t iv e  mechansisms 
1) t e c to n i c  even t ;  2) c l im a t ic  change; 3) m od if ica t ion  o f  c l im a te  
produced by a t e c to n ic  event .
1) A change in t e c to n ic  s e t t i n g  in the  source a rea  could 
inc rease  the  watershed geometry and th e  a v a i l a b le  source 
a r e a ,  producing h igher  d ischarge  and sed im enta t ion  r a t e s .
2) A t r a n s i t i o n  to  a w e t t e r  c l im a t ic  period  can have a p ro ­
found e f f e c t  on the d ep os i t iona l  environment. G re a te r  p re ­
c i p i t a t i o n  w i th in  the  source a rea  r e s u l t i n g  in high d i s ­
charge would produce an inc rease  in s tream competency and 
probably change the  leve l  o f  the w ate r  t a b l e .
To specu la te  f u r t h e r ,  evidence support ing  l a t e  Precambrian g l a ­
c i a t i o n  between 800 and 600 m i l l io n  yea rs  ago (Eocambrian) can be 
found in  A u s t r a l i a ,  A f r ic a ,  Greenland, S p i t sb e rg e n ,  South America, 
and North America (Harland,  1964). Perhaps t h e  t r a n s i t i o n  o f  th e  
McNamara in to  the Garnet Range r e f l e c t s  the  development o f  a braided 
outwash fan s i m i l a r  to  those  descr ibed  by Boothroyd and Ashley (1975) 
f o r  th e  S co t t  and Yana outwash fans in Alaska.
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3) A combination of  the  two mechanisms could a lso  produce
changes in dep o s i t io n a l  environment. With inc reased  e l e v a ­
t io n  produced by mountain b u i ld in g ,  c l im a te  could have been 
modified. A p o ss ib le  p re se n t  analog e x i s t s  on Vancouver 
I s l a n d ,  Canada, where P a c i f i c  f ro n t s  a r e  blocked by moun­
t a i n s  r e s u l t i n g  in  more than 160 cen t im ete rs  o f  p r e c i p i t a ­
t io n  annually .
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APPENDIX I
LOCATION AND WRITTEN DESCRIPTION OF SECTIONS
The procedure fo r  measuring s t r a t i g r a p h i e  se c t io n s  was as f o l ­
lows: 1. t o  measure th e  se c t io n  with a J a c o b 's  s t a f f  and mark o f f
th ick n ess  with spray p a i n t ,  and 2. to  d e s c r ib e  th e  sec t io n  and co l­
l e c t  samples f o r  t h in  s e c t io n in g .
A t o t a l  o f  f iv e  se c t io n s  were lo c a te d ,  measured, and descr ibed.  
Locations a re  p lo t t e d  on Figure 2 and d r a f t e d  s e c t io n s  in Appendix I I .
SECTION P .C .  ( P o r t e r s  C o r n e r s )
Located 8 km. south o f  P h i l ip sb u rg ,  Montana, along Route IDA; 8 km. 
p a s t  P o r te rs  Corners.
Unit D escrip t ion
Thickness 
in Meters
Meters 
Above Base
18 Gold-brown l im onite  s ta in ed  61
micaceous medium-coarse 
gra ined  q u a r t z i t e  appears 
deeply weathered with occa­
s iona l  patches o f  f re sh  
gray micaceous q u a r t z i t e s .
Very low-angle u n id i r e c t io n a l  
northward dipping p lanar  
crossbeds about 10 cm. th ic k  
and abundant p lanar  bedded 
micaceous gray q u a r t z i t e s .
17 Very micaceous medium-coarse 12
gra ined ,  up to  1 mm., gray 
q u a r t z i t e  with some f i n e r  
g ra ined  red very micaceous 
q u a r t z i t e s .  Mudchip conglo­
merates;  p la n a r  beds common.
10 cm. graded coup le ts  com­
mon. Weathered in te rv a l  
scoured by f re sh  sediment 
observed.
16 Red-purple medium-coarse 8
grained  s l i g h t l y  micaceous 
q u a r t z i t e s .  8 cm. high 
c rossbeds .
15 Covered bu t  f l o a t  in d ic a te s  28
gray q u a r t z i t e s .
14 Thinly bedded p ink ,  f in e -  3
gra ined  q u a r t z i t e s  with 
8 cm. high northward dipping 
crossbeds common.
13 Covered but f l o a t  in d ic a te s  34
gray micaceous q u a r t z i t e s .
318-379
306-318
298-306
270-298
267-270
233-267
4 6
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T h i c k n e s s  M e t e r s
U n i t ____________ D e s c r i p t i o n _________________i n  M e t e r s ________ A bove  B a s e
12 Gray-pink medium-grained 15 218-233
q u a r t z i t e  with abundant 
moderate to  high angle 10 
cm. high p lanar  and tangen­
t i a l  crossbeds.  Tops very 
commonly scoured o f f .
Crossbeds dip northward.
11 Gray s l i g h t l y  micaceous 3 215-218
medium-coarse gra ined  q u a r t ­
z i t e  with high angle c ro s s ­
beds up to  1 m. high.
10 Covered 10 205-215
9 Mostly co a rse -g ra in ed ,  up 26 179-205
to  1 mm., gray q u a r t z i t e s  
with some pink and brown 
q u a r t z i t e s .  Low angle 
crossbeds 13-25 cm. high 
with tops f re q u en t ly  scoured 
o f f .  Generally northward 
d ipping crossbeds.
8 Covered 12 167-179
7 Pink coa rse -g ra ined  q u a r t -  11 156-167
z i t e ,  up to  1 mm. with  la rge  
high angle crossbeds up to  
1 m. h igh ,  o c c as io n a l ly  
scoured by p lan a r  beds.
Occasional matr ix  supported 
mudchip conglomerates up to 
5 cm. a t  base o f  crossbed 
s e t s .  Crossbeds g e n e ra l ly  
u n i d i r e c t i o n a l ,  dipping 
northward.
6 Pink medium-fine gra ined  17 139-156
q u a r t z i t e s  commonly c ro s s ­
bedded up to  29 cm. and 
graded ho r izon ta l  beds up 
to  15 cm.
48
Unit Descrip t ion
Thickness 
in Meters
Meters 
Above Base
5 P ink-red  and brown med­
ium grained q u a r t z i t e  up 
to  1 m. Mudchips common. 
D irec t iona l  v a r i a t io n  ra re .
4 Pink medium-fine-grained
q u a r t z i t e  with purple  lam­
inae ex tens ive  trough shaped 
s e t s  o f  high angle crossbeds.  
Up to  25 cm. with  eros iona l  
boundaries between s e t s  and 
northward dipping u n id i r e c ­
t io n a l  low angle t a b u la r  
c ro ssb e d s .
3 Covered
2 Pink medium-coarse-grained
q u a r t z i t e .  Larger graded 
coup le ts  between 38 and 76 cm. 
l a rg e  scours common up to 
13 cm. deep with mudchip lags 
a t  100 m . , imbricated  mudchip 
conglomerates and 15-20 cm. 
high low ta n g e n t ia l  beds and 
30 cm. high trough-shaped 
crossbeds .  Brown-red mica­
ceous shaley beds a t  top o f  
each co u p le t .  Between 42 and 
46 m. i s  a zone o f  pink q u a r t ­
z i t e  with angular  cher ty  
c l a s t s  up to  5 cm. long.
1 Red-pink medium-coarse
grained q u a r t z i t e .  S l ig h t ly  
micaceous 23-36 cm. th ic k  
graded c o u p le ts .  High angle 
ta n g e n t i a l  crossbeds up to  10 
cm. pass ing  upward to  climbing 
r ip p l e s  and h o r i z o n ta l ly  lam­
ina ted  red s i l t s ,  scoured red 
s i l t i t e s  up to  7.5 cm. deep 
common.
30
66
33
133-139
130-133
100-130
33-100
0-33
SECTION R .B .  (R ainbow  Bend)
Sect ion  R.B. i s  loca ted  approximately 19.5 km. e a s t  of  Bonner 
along the  north  bank of  the  Blackfoot River on Route 200.
Thickness Meters
Unit__________D escrip t ion_____________ in Meters______ Above Base
9 Micaceous gray q u a r t z i t e s  27 109-136
and very micaceous gray- 
green s i l t i t e s  with  abundant 
p lan a r  beds with occasional  
30 cm. deep scours common 
and 61 cm. th ick  graded s e ­
quences common. Top o f  graded 
sequence con ta in  very abun­
dant  mica f lakes  p a r a l l e l  to 
bedding.
8 In c reas in g ly  micaceous med- 26 83-109
iurn grained red and gray 
q u a r t z i t e s  with occasional 
green-gray  and purple mica­
ceous s i l t i t e s ;  30 cm. th ick  
graded coup le ts  common.
7 Covered 9 74-83
6 Red and purple medium- 15 59-74
coarse  micaceous q u a r t z i t e s  
mostly p lana r  bedded with 
mudchip c l a s t s  common.
Occasional graded coup le ts  
up to  30 cm. t h i c k .
5 Covered 11 48-59
4 Gray, pink and red coa rse -  18 30-48
grained q u a r t z i t e s  and s i l ­
t i t e s  common high angle  c r o s s ­
beds up to  15 cm. with occa­
s iona l  scours up to  46 cm. 
across  and 15 cm. deep, 15- 
38 cm. th ick  graded coup le ts  
common with common climbing 
r ip p le s  and mudclasts common 
in co a rse r  grained q u a r t z i t e s .
4 9
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T h i c k n e s s  M e t e r s
U n i t ____________ D e s c r i p t i o n _________________i n  M e t e r s ________ Above  B a s e
3 In f lu x  o f  co a rse r  p lana r  12 18-30
bedded purple and medium 
gra ined  20 cm. high c r o s s ­
bedded gray q u a r t z i t e s  with 
some f i n e r  grained red s i l ­
t i t e s .  In c reas in g ly  micaceous 
towards top o f  i n t e r v a l ;  mud­
c l a s t s  common, graded sequences 
up to  76 cm. in th ickness .
2 In te rv a l  o f  f i n e ly  bedded 6 12-18
s l i g h t l y  micaceous red-maroon 
f in e -g ra in e d  q u a r t z i t e s  and 
s i l t i t e s  with occasional  beds 
o f  very f in e -g ra in e d  green 
s i l t i t e s .  Red s i l t i t e s  f r e ­
quent ly  mudcracked. Graded 
coup le ts  up to  2.5 cm. very 
common.
1 Fine to  medium grained red -  12 0-12
maroon s l i g h t l y  micaceous 
sands with  occasional th in  
green beds o f  s i l t i t e s .  15- 
30 cm. graded sequences with 
up to  5 cm. asymmetrical 
cl imbing r i p p l e s ,  mudchip 
cong lom eri t ic  beds up to  
10 cm. th ic k  with  c l a s t s  as 
la rg e  as 2 .5  cm. P lanar  
beds and small l e n t i c u l a r  
sand lenses  common; occas ­
ional mudcracked su r faces  
observed.
SECTION EM ( E l l i s  M o u n ta in )
Located approximately 4 .8  km. e a s t  o f  A lber ton ,  Montana, on the  
south s id e  o f  Route 90 East on north bank of  Clark Fork River.
Thickness Meters
Unit__________Descr ip t ion_____________ in Meters______ Above Base
7 Gray to  gray-green mica- 18 50-68
ceous dominantly p lanar  
bedded q u a r t z i t e  with oc­
cas iona l  channel scours up 
to  60 cm. deep with mudchip 
l a g s ,  crossbeds up to  30 cm. 
high and asymmetrical climb­
ing r i p p l e s .  Rare mudcracks, 
patchy CaCOg observed. Wea­
th e r s  r u s ty  brown. Graded 
sequences up to  30 cm. th ic k .
6 Gray t o  gray-green micaceous 8 42-50
medium-grained q u a r t z i t e s  
with occasional  th in  ch e r t  
beds. Mostly p lana r  bedded 
bu t  with many climbing r i p ­
p les  up to  5 cm. high. Com­
mon 30 cm. th i c k  graded se ­
quences o f  coarse  gray sands 
a t  base grading in to  very 
micaceous g ray ish  brown- 
green s i l t i t e s .  Sediments 
weather  r u s ty  brown.
5 Micaceous p u rp le ,  r ed ,  and 10 32-42
gray-green  q u a r t z i t e s  f r e ­
quen t ly  scoured to  depths 
o f  8 cm. and common low 
cross -beds  5-10 cm, high.
Numerous g reen-gray  cher ty  
beds 3 mm. th ic k  and 
th ic k e r  ch e r ty  green-gray  
s i l t i t e s .  Sediments ch a r ­
a c t e r i s t i c a l l y  weather  
ru s ty  brown.
4 Covered 2 30-32
51
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T h i c k n e s s  M e t e r s
U n i t ____________ D e s c r i p t i o n _________________i n  M e t e r s ________ Above B a s e
3 Dominantly mediurn-grained 10 20-30
red q u a r t z i t e s  with occas­
iona l  p lanar  bedded coa rse r  
gray beds and r a r e  f in e  
grained green beds. 30 cm. 
th ic k  coup le ts  common, con­
vo lu te  beds and common mud- 
c l a s t  conglomerates,  n o t i c e ­
ab le  in c re a se  in th ickness  
o f  coup le ts .
2 Coarser s l i g h t l y  micaceous 17 3-20
red sand, p lanar  bedded red-  
pink sands up to 10 cm. th i c k ,  
mudchips up to  8 cm. long and 
common scours up to 13 cm. 
deep. Graded coup le ts  up to  
20 cm. th ick  with tops ex ten ­
s iv e ly  mudcracked and occa­
s i o n a l l y  scoured o f f .  At 12 
m. in to  the  se c t io n  r a re  
che r ty  very f i n e  grained green 
and brown beds up to  10 cm. 
t h i c k ;  r a r e  r a in  drop im­
p re s s io n s .
1 Fine-medium grained red 3 0-3
q u a r t z i t e  s i l t i t e s  in  graded 
coup le ts  2 .5 -8  cm. th ic k  with 
f re q u en t ly  mudcracked su r fa ce s .
Rare very f in e  grained green 
beds. Occasional r a in  drop 
impressions.
SECTION I . e .  ( T r o u t  C r e e k )
Located along Trout Creek 4 km. south o f  S u p e r io r ,  Montana; and 
1.6 km. south o f  the  Diamond Match p la n t .
Thickness Meters
Unit_________ Descrip t ion_____________ in Meters______ Above Base
8 Dominantly micaceous green- 32 44-76
gray mediun-fine grained 
q u a r t z i t e s  ,; ith r a r e r  mica­
ceous purple q u a r t z i t e s  ot 
bottom o f  i n t e r v a l .  Mostly 
p la n a r  bedded but climbing 
r ip p le s  up to  5 cm. high 
a re  q u i te  common. Numerous 
th in  beds o f  green-gray 
ch e r t s  6 mm. and r a re  im­
mature mudcracked su r faces  
observed. Some carbonate 
de tec ted .
7 In f lux  o f  micaceous gray 5 39-44
and red q u a r t z i t e s  with 10 
cm. c o u p le ts ,  scours  up to  
8 cm. deep and th in  i n t e r ­
beds up to  2 .5 cm. th ic k  of  
green c h e r t s .
6 Sequences o f  red to  maroon 6 33-39
graded 5 cm. q u a r t z i t e s  and 
s i l t i t e s  with l a rg e  well  
developed polygonal mud­
cracked su r face s  very common 
and occasional  ra indrop  im­
p r e s s io n s ;  top o f  graded 
sequences o f te n  scoured 
forming mudchip conglomerate 
in  over ly ing  beds. Rare 
green beds.
5 Dominantly f in e -g ra in e d  red 4 29-33
q u a r t z i t e s  grading in to  red 
to  maroon s i l t i t e s  up to  23 
cm. co u p le ts .  Scoured s u r ­
faces common with  mudchips 
up to  5 cm. long.
53
54
T h i c k n e s s  M e t e r s
U n i t  ________ D e s c r i p t i o n _________________in  M e t e r s ________ Above B a s e
4 Pink f in e -g ra in e d  q u a r t -  9 20-29
z i t e s  with common climb­
ing r i p p l e s  up to  2 .5  cm. 
high form 5-8 cm. graded 
sequences with occasional  
mudcracked su r fa c e s .
3 Zone o f  in te rbedded  red 3 17-20
and green s i l t i t e  with red 
s i l t i t e s  e x t e n s iv e ly  mud­
cracked.
2 Very th in  bands .6 -1 .5  cm. 3 14-17
o f  very hard green to  gray 
c h e r t  with t h i c k e r  bedded 
5-8 cm. gray-gray  green 
c h e r ty  s i l t i t e s .  F ine­
g ra ined  green to  ch e r ty  
sediments c h a r a c t e r i s t i c a l l y  
break w ith  a conchoidal f r a c ­
t u r e .  S o f t  sediment s t r u c ­
tu r e s  common. Rare i n t r a -  
form ationa l  b re c c ia s  5 cm. 
th i c k .
1 Mostly red s i l t i t e s  with 14 0-14
in te rbedded  pink q u a r t z i t e s  
and th in  green s i l t i t e s .
Coarser  sands commonly form 
graded sequences up to  10 
cm. with occas iona l  cl imbing 
r i p p l e s ;  f r e q u e n t ly  mud­
cracked s u r fa c e s .
SECTION T . F .  (THOMPSON FALLS)
8 km. e a s t  o f  Thompson F a l l s ;  19.4 km. north on Thompson River 
Road; l e f t  on F ish t rap  Creek Road f o r  13 km.; r i g h t  on Daisy Creek 
Shale Road f o r  3 .2  km.
Thickness Meters
Unit__________Descrip t ion_____________ in Meters______ Above Base_____
5 Gray-gray green f i n e -  18 103-121
gra ined  micaceous q u a r t z ­
i t e  and s i l t i t e  in graded 
sequences up to  10 cm. 
t h i c k ;  asymmetrical cu r ­
r e n t  r i p p l e s  up to  5 cm. 
h igh ,  small s c o u rs ,  no 
mudcracks.
4 Covered 6 97-103
3 F ine-gra ined  s l i g h t l y  mica- 18 79-97
ceous red q u a r t z i t e  and 
s i l t i t e  forming graded se ­
quences up to  18 cm. th ic k ;  
asymmetrical c u r r e n t  r i p ­
p le s  up to  2 .5  cm. high, 
abundant well developed red 
polygonal mudcracks with 
ra indrop  im press ions ,  gyp­
sum c a s t s ;  occasional  t h i n l y  
bedded green s i l t i t e ;  occa­
s iona l  c a l c i t e  cement.
2 Very t h i n l y  bedded 1 cm. 70 9-79
green s i l t i t e ,  mostly w ith  
sharp c o n ta c t s ;  b u t  occa­
s iona l  graded coup le ts  up 
to  3 cm. t h i c k ;  very ra re  
mudcracks.
1 Very th i n l y  bedded cm. 9 0-9
th ic k  with sharp c o n t a c t s ,  
che r ty  in p la c e s ,  ra re  syn- 
e r e s i s ( ? )  mudcracks, very 
r a r e  l e n t i c u l a r  s i l t  len ses  
2.5 cm. high; th in  bed o f  
cher ty  s i l t i t e  with o o l i t e s  
a t  7.5 m. i n t e r v a l s
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APPENDIX II  
STRATIGRAPHIC SECTIONS
E xo lan at ion
iJ
Horizontally
laminated
Planar bedded
Graded bedding
Assymetrical 
climbing ripples
Trough crossbedding
Planar crossbedding
~ W 4 3
m
Tangential
crossbedding
Scour
Cherty s i l t i t e
Mudcracks
Gypsum casts
?r . I
Carbonate
o 0
o  o
o o
Micaceous
Mud clasts
Oolites or 
pisolites
Î
Current direction
Color
Brown-Brn
Maroon-Mn
Red-Rd
Green-Grn
Gray-Gry
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PORTERS C O R N E R (PC)
î:
î:
Red-pink medium-coarse 
g ra ined  q u a r t z i t e .  S l ig h t l y  
micaceous 23-36 cm. (9-14") 
graded co u p le ts .  High angle 
ta n g e n t i a l  crossbeds up to  
10 cm. (4") high pass ing  up 
to  climbing r ip p le s  and hor izon­
t a l l y  laminated red s i l t s .
Scours up to  8cm. deep in s i l t s  
common.
î:
X
PC
5 8
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riiti ii:
Brn
Pnk
Medium to  coarse  grained 
pink q u a r t z i t e .  Larger graded 
sequences between 40 and. 76 cm. 
(15-30") ,  scours  up to  13 cm.
(5") deep common with mudchip 
lag s .  Trough crossbeds and t a n ­
g en t ia l  c rossbeds .  Angular c h e r t  
c l a s t s  between 42 and 46 m. (140- 
145 f e e t ) .
T
A
PC
6 0
mm
N
A
5 0
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PC
61
9 0
80
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N
PC
Dd
Bu l s s i w
o o i
o i l
29
63
140
130
120
 :........................
Covered
rv
Î
t
T angen t ia l ly  crossbedded pink 
q u a r t z i t e  up to  1 m.(3 f t . )  high 
D irec t iona l  v a r i a t i o n  very  r a r e .
± _
Pink medium gra ined  q u a r t z i t e  
with trough crossbeds up to  25 
cm. (10") .  Low angle p la n a r  
crossbeds common. Erosional 
c o n tac ts  between crossbed s e t s  
common.
4
P C
64
160
150 Covered
±
High angle t a n g e n t i a l  crossbeds 
up to  Im. ( 3 f t . )  h igh; occasion 
a l l y  scoured by over ly ing  beds.
Pink medium-fine grained 
q u a r t z i t e ; t a n g e n t i a l  c r o s s ­
bedded 29 cm. (9")  high and 
graded p la n a r  beds up to  15cm, 
{6“ ) th ic k .
PC
6 5
Covered
180
m
Covered
170
I
Gray coarse  g ra ined  q u a r t z i t e .  
Low angle t a n g e n t i a l  and p lan a r  
crossbeds up to  25cm. (10") high
Garnet Range
A
McNamara
PC
66
i
V
210 Covered
2 0 0
J
Covered
PC
6 7
2 3 0
2 2 0
V
Â
Mostly gray micaceous medium 
to  coarse  grained q u a r t z i t e  
with p la n a r  and ta n g e n t i a l  
crossbeds up to  10 cm. (4") 
high. Scoured co n tac ts  common
i
A
Gray medium to  coarse gra ined  
q u a r t z i t e  w ith  high ang le  t a n ­
g e n t ia l  crossbeds up to  1 m. 
( 3 f t . )  high.
PC
68
2 6 0
F 1 o a t  i ndi c a te s  gray 
micaceous q u a r t z i t e s
2 5 0
2 4 0
PC
6 9
2 8 0
Covered
2 7 0
Floa t  i n d ic a t e s  gray 
micaceous q u a r t z i t e s
t
Pink to  gray medium gra ined  micaceous 
q u a r t z i t e s  w ith  10 cm. (4") high t a n ­
g e n t ia l  and p la n a r  crossbeds .
PC
70
3 1 0
3 0 0
2 9 0 -
r*0 • • '
Covered
I ,
Weathered horizon o v e r la in  
by f re sh  sediment.
medium to coarse  
1 mm., gray q u a r t z i t e  
g ra ined  red s i l t i t e s  
co n te n t .  Mudchip conr 
glomerates and p lan a r  beds common. 10 
cm. graded couplers  common.
Very micaceous 
g ra in e d ,  up to  
with some f in e  
with high mica
r:
I
PC
71
3 3 0
PC
72
3 6 0
350
340
N
A
PC
73
380
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PORTERS C O R N E R  (PC)
N
À
Gold to  brown l i m o n i t i c  mica­
ceous medium to  co a rse  g ra ined  
q u a r t z i t e  appears deeply wea­
thered  with occas iona l  i n t e r ­
vals  o f  f re sh  g ray  q u a r t z i t e s .  
Very low angle  u n id i r e c t io n a l  
northward d ipping p la n a r  cross- 
beds approx. 10 cm. (4") th i c k  
and abundant p la n a r  bedded 
micaceous gray q u a r t z i t e s .
PC
74
R A I N B O W  BEND (r . b)
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Clean gray! 
q u a r t z i t e  ,
6rn i
A
K* xo
Coarser s l i g h t l y  micaceous red q u a r t z i t e  
' i n  p la n a r  bedded u n i t s  up to  10 cm. th ic k .  
Mudchips and scours common. Graded s e ­
quences up to  20 cm. common with mudcracks 
a t  the  top .  Chert  bed a t  12 m.. Rare r a i n ­
drop impressions.
N
A
+Grn
Fine to  medium g ra ined  red q u a r t z i t e  and 
s i l t i t e  in  graded coup le ts  up 8 cm. th ic k  
with  common mudcracks. Rare t h i n l y  bedded 
green s i l t i t e s .  Rare ra ind rop  impressions
S#!^.Grn
1
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Symmetri caT 
r ip p le s  I
Micaceous g ray ,  pink and red coarse  : 
grained q u a r t z i t e  to  s i l t i t e  in  graded 
sequences up to  25 cm. t h i c k .  Common 
ta n g e n t i a l  c ro ssb ed s ,  c l imbing r i p p l e s ,  
r^C sco u rs ,  mudchips and p la n a r  beds.
Convolute
bedding
{
?3
]-» Grn
aocff*
Dominantly medium g ra ined  red q u a r t z i t e  
to  s i l t i t e  forming graded coup le ts  up to  
30 cm. th ic k .  Coarser  gray q u a r t z i t e s  form 
p la n a r  beds.
Grn/
76
7 0
g
Red and purple  medium to  coarse  
g ra ined  micaceous q u a r t z i t e s  in  
graded sequences up to  30 cm. 
t h i c k .  Very common p la n a r  beds 
with imbricated  mudclasts .
O
6 0
Covered
5 0
77
9 0
^  Grn;
80 Covered
>’ \k
In c rea in g ly  micaceous med­
ium grained red and gray 
q u a r t z i t e s  with occasional 
green-gray and purp le  mica­
ceous q u a r t z i t e s ;30 cm. 
garded couple ts  and p la n a r  
beds common.
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20 cm. deep scours .
Tops o f  some graded sequences 
a r e  extremely high in d e t r i t a l  
. micas
Gry
Gry-Grn Garnet. Range1
ItLuihly micaceous Mrjfamata
Gry-Grn
r v c
C Jot"
S i l t  f r a c t i o n  in graded 
3otf/wJî̂  sequences o f ten  sh a le y .
r
LiStm
7 9
140
130
120
"?S 5 "
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X\A
. . <1-r......... '
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R A I N B O W  BEND (r .b)
r^Socm.
Micaceous gray to  g ray-green  q u a r t z i t e s  
with abundant p la n a r  beds and occasional  
massive beds and graded sequences up to  
60 cm. th ic k .
1 m. th ic k  massive 
gray to  gray green 
q u a r t z i t e .
1 m. th ic k  massive 
gray to  gray green 
q u a r t z i t e .
Gry Red
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ELLIS M O U N T A I N  
(EM)
Oa to3̂ ocm
*6rn !I
fjMt.
-Grn I 
Grn.
t
A
S l ig h t l y  micaceous f in e  g ra in ed  red 
s i l t i t e s  forming abundant cl imbing 
r i p p l e  s e t s  up to  2 meters t h i c k .  
Rare h o r i z o n ta l ly  laminated green 
s i l t i t e s .
I
M
 ̂iMOcm
Fine to  medium g ra ined  red to  
maroon s l i g h t l y  micaceous 
q u a r t z i t e s  with in te rbedded  
th in  green s i l t i t e s .  Assymetrical 
cl imbing r ip p l e s  and r ip  up 
c l a s t s  common. Rare l e n t i c u l a r  
len ses  o f  sand. Occasional mud­
cracks .
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y  Garnet Range 
i i McNamara
Grn
Micaceous purple and gray q u a r t z i t e s  
with abundant p la n a r  beds w ith  common 
scoured su r face s  and low angle p la n a r  
crossbeds .  Chert beds (green) common.
Gry
Coarser p la n a r  bedded purple  
and gray micaceous q a u r t z i t e s  
forming 20 cm. high p la n a r  c r o s s ­
beds cu t  by p la n a r  beds;graded s e ­
quences up to  30 cm. common.
EM
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ELLIS M O U N T A I N  
(EM)
Gray to  gray-green  micaceous q u a r t z i t e  
and r a r e  th in  beds of  c h e r t .  Q uar tz i te  
mostly p la n a r  bedded bu t  o cc a s io n a l ly  
cu t  by t a n g e n t i a l  c rossbeds .  Graded 
sequences up to  30 cm. common. Mud­
cracks r a r e .
EM
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T R O U T  C R E E K  
( T C )
i
■ M B
^ i^ z i ln te rb e d d e d  red and gréen s i  1 t i  t e s  ;wi th  very wel 1 
il ipi^developed polygonal mudcracks in red s i l t i t e s .
X
Hard th in  beds o f  green 
ch e r t s  and ch e r ty  s i l t i t e .
Soft  sediment deform ation ,  
in t r a fo rm a t io n a l  b recc ia s  
5 cm. (2") t h i c k .
X
Mostly red s i l t i t e s  w ith  red and pink 
f in e  grained  q u a r t z i t e .  Occasional 
green s i l t i t e s .  Graded sequences up 
to  10 cm. (4") and occas ional  cl imb­
ing r i p p l e s .  Very common mudcracks.
1
TC
84
Garnet Range
i '
McNamara
I
Sequences of  red to  maroon 
graded (2“ ) (5 cm.) q u a r t ­
z i t e s  and s i l t i t e s  w ith  l a rg e  
mature mudcracked su r fa ce s  
very comriion and occas iona l  
raindrop im press ions;  top 
o f  graded sequences o f te n  
scoured forming mudchip 
c o n g lo m era te  in  over ly ing  
beds. Rare green c h e r t
f
Mostly f i n e  gra ined red  
q u a r t z i t e s  g rad ing  in to  
red and maroon s i l t i t e s  
up to  23 cm. t h i c k .  Mud- 
chips  common.
Fine gra ined  p ink q u a r t z i t e ;  
common climbing r ip p le s  and 
graded sequences up to  8 cm. 
(3") with mudcracked to p s .
TC
85
7 0
6 0
5 0
m m m m
i i a i s i
IRed
Dominantly micaceous green to  
gray-green medium to  f in e  g r a in ­
ed q u a r t z i t e  with  common climbing 
r i p p l e s ,  t a n g e n t i a l  crossbeds up to  
10 cm. (4“ ) h igh ,  r a r e  c h e r t  beds and 
very ra re  mudcracks. Weathers reddish  
brown.
TC
8 6
90
80
T R O U T  C R E E K  
(T C)
20
1 G
87
T H O M P S O N  FALLS,  
(T_Fl
• 5 - 1  cm . t h i c k
G rn
r:
S im ila r  to  below except  f o r  
occasional graded coup le ts  
up to  3 cm. (*^1"); ra re  
mudcracks.
• 5 - 1  cm . t h i c k  
G rn
1  cm . h i g h
G rn
Very t h i n l y  bedded s i l t i t e s  with 
sharp c o n t a c t s ,  ch e r ty  in p la c e s ,  
r a r e  subaqueous (?)  mudcracks. 
Cherty bed with o o l i t e s  a t  7 .5  m.
Grn 1 TF
8 8
« 1 cm.
R d -I to
• 5 - 1  c m . b e d s
Tf.
89
7 0 I t .  Grn
“^ 6 0
5 0
• 3 cm .
Covered
I t .  G rn
F loa t  in d i c a t e s  sed­
iments s i m i l a r  to  
those  above and below
D k . G rn  
T o  1  cm.
TF
90
9 0
8 0
2 - 4  cm . h i g h
1 0  15 cm,
. 2 - 3  cm . h i g h
Rd Fine grained red s l i g h t l y  
micaceous f in e  gra ined  
q u a r t z i t e ;  graded sequences 
up to  18 cm. (6 " ) ,  assym etr ica l  
r i p p l e s ,  well developed po ly ­
gonal mudcracks, raindï*op im­
p re s s io n s ,  gypsum c a s t s .
R d
G rn
L t .  G rn
TF
91
120
110
100
G r y - g r n
G ry
r i
r i
T H O M P S O N  F A L L S  
.{t f )
Gray and gray green mica­
ceous q u a r t z i t e s ;  graded s e ­
quences up t o  10 cm. ( 4 " ) ,  
small scours ;  no mudcracks.
1 0  cm .
cm,M  10-20
V # 1 0 - 2 0  cm .
Garnet Range
I t
McNamara
I
Suggested by f l o a t
\
I
